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AppM,Bricr JUL 2 1 2006 

L REAL PARTY IN INTEREST 
The real party in interest in this appeal is the assignee of this application, 
PRIMARION , Inc. 



H. RELATED APPEALS AN? INTERFERENCES 
Appellant is unaware of any related appeals or interferences. 

m. STATUS OE THE CLAIMS 
The application was originally filed with Claims 1-18. Claims 1-18 remain pending and 

all stand rejected. This is an appeal of rejected Claims 1-18, Claims 1-18 are reproduced and 

attached in the Claims Appendix. 



IV. STATUS OF AMENDMENTS 
Applicants submitted a response to me non-final office action dated October 17, 2005. 

These claims were finally rejected in me Baal Office Action. The 18 claims that appear before 
the Board are those 18 claims that were originally filed and re*subtttttted m una mended form in 
the response to the non-final office action dated October 17, 2005. These claims 1-18 are 
attached hereto in the Claims Appendix. 



3 



PAGE4/32 * RCVD AT 7/21/2006 3:18:33 PM [Eastern Daylight Time] * SVR:USPT0-ff XRF-5/16 * DNIS:2738300 * CSID: * DURATION (mm<s):08-20 



JUL . 21 . 2006 2:21PM MOSflID 



NO. 437 P. 5/32 



RICEIVID 

CENTRAL FAX CENTER 

JUL 2 1 2006 

ARY OF CLAIMED SUBJECT MATTER 

Claim 1 is directed to a tiered power regulation system 100 (FIG. 1). (Forthe sake of 
convenience, references to the drawing figures and the specification are made with respect to US 
Patent Number 6,429,630; which is the parent patent application that issued with die same 
drawings and specification as the instant application, and is attached herewith as Appendix B - 
US PATENT &V429,630 - PARENT OF APPLICATION.) See FIG. 1 illustrating a first power 
regulator 1 10, an array 120 comprising a plurality of second power regulators 120(a) - 120(n), 
said second power regulators configured to respond to a load power demand rate greater than 
said first power regulator responds to power demands, (See the specification at e.g. col. 4 lines 
49-54 noting that time delays associated with larger regulators are mitigated because smaller 
regulators within an array are used to provide current to a portion or portions of the 
nu'eroprocessor.) wherein said array 120 comprising a plurality of second power regulators 
120(a) - 120(a), is configured to couple to a plurality of portions of a microprocessor 130 (FIG. 
1). 

Claims 2-8 are dependent claims and all depend directly from claim 1. Claim 2 specifies 
that the regulator array 120 is coupled to the rnicttoprocessor 130 using hump technology (coL 4 
line 66). FIG. 3 refers to using a compound semiconductor substrate (page 5 line 5-19). Claim4 
specifies a switching regulator (col. 3 line 30). Claire 5 recites the second power regulators 120 
being coupled together in parallel (FlG. 1). Claim 6 recites the first regulator 210 providing 
power to said array 220 and to said microrwcessor230(FIG. 2). Claim 7 recites electronic 
components 150 coupled to said microprocessor 130, said components configured to provide 
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power to said microprocessor 130. Claim 8 recites said amy 220 coupled in parallel to said first 
regulator 210 and to said microprocessor 130 (FIG.2)> 

Claim 9 is directed to a tiered power regulation system. See FIG. 1 illustrating a first 
power regulator 1 10, a microelectronic device 130 formed on a first substrate and an array 120 of 
second power regulators (120(a)-l20(n) configured to respond to a load power demand rate 
greater than said first power regulator 110 responds to power demands- (See the specification at 
e. g. coL 4 lines 49-54 noting that time delays associated with larger regulators are mitigated 
because smaller regulators within an army are used to provide current to a portion or portions of 
the microprocessor.) Claim 9 further recites that the microprocessor device and airay of second 
power regulators are on two different substrates. 

Claims 10-17 are dependent claims that depend directly fiom claim 9. Claim 10 is 
directed to bump technology (coL 4 lino 66). Claim 1 1 recites ths case when? the first power 
regulator is a Buck regulator (coL 3 line 34). Claim 1 2 recites that the mi<roeIe«ronic device 
comprises a microprocessor. Claim 13 is directed to the second substrate comprising compound 
semiconductor material (col 2 line 22),, Claim 14 is directed to the sei^p<wex regulators 120 
being coupled together in parallel (FIG. I)- Claim 1 5 incites that the first regulator 210 provides 
power to the array 220 and to the mictoelectnHitc device 23 0 (FIG. 2), Claim 16 forther recites 
electronic components 250 coupled to said microelectromc device 230, said components 250 
configured to provide power to said niicroelectronic device 230 (F1F. 2), Claim 17 recites the 
array 220 coupled in parallel to said first regulator 2 1 0 and to said microdectaraic device 23 0 
(FIG2). 

Claim 18 is the third independent claim directed to a tiered power regulation system 
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comprising: a first power regulator 1 10, a microelectronic device 130 formed on a first substrate 
and an array of second power regulators 1 20 formed on a second substrate, said second power 
regulators configured to respond to a load power demand rate (See the specification at e.g. col 4 
lines 49-54 noting that time delays associated with larger regulators are mitigated because 
smaller regulators within an array are used to provide current to a portion or portions of the 
microprocessor.) greater than said first power regulator responds to power demands; wherein 
said arcay is coupled ia parallel to said microelectronic device 130 using bump technology (col. 4 
line 66). 
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VI. GROUNDS OF REJECTION TO fig REVIEWED ON APPEAL 

The grounds of rejection to be reviewed on appeal ate as follows: 

1) Claims 1-18 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Blish U.S. Patent No. 5,914,873 in view of U. S. Patent No. 5,938,769 to HO. 
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VH. APPELLANTS ARGUMENT 
A. Claims Are Patenta h^ (h^j jnu,h tn vi^y «»r gg 
The Examiner has rejected Claims 1-18 under 35 U.S.C. § 103(a) as being unpatentable 

over U.S. Patent No. 5,914,873 to Blisb (hereinafter "BUsh") in view of Hu U.S. Patent No. 

5,938,769. Fined Office action at pages 2-4. 

The Board should overturn tin's rejection because Blish does not teach or suggest every 

element recited in each of the claims, because Hu does not teach the claim elements missing 

from the teachings of Blish, because there is no motivation or suggestion to modify Blish in 

accordance with Hu and because even if BIHsh were modified in accordance with Hu, appellant's 

invention would be neither anticipated nor rendered obvious in die sense of 35USC103. 

1. Summary of JJUsh 

Blish discloses a distributed voltage converter for high power microprocessor with array 
connections. Sec We. m this regard, Examiner has referenced voltage converters 220(a), 220(n) 
supplying power to a microprocessor silicon chip comprising an array of logic gates 210. See 
column 6 lines 19-21 and FIG. 4. Since no location in Bliss is made to the contrary, it is presumed 
that all the regulators provide current to tht: microprocessor as well as the logic gates at the same 
speed. BUsh is not concerned with me speed with which currents are provided because a response 
to transient events is a problem not addressed or solved by the power supply design of Blish. 

2, Comparison of Applicants' Device v. Blish 

At best, arguendo ate voltage converters 220(a), 220(n) of Blish See FIG. 4 can be 
analogized with array 120 of applicants' invention See FIG. J. Bhsh has no former lelevance. 
Bli^ does not teach a tiered power regular 
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addition to array 120 coupled to a microprocessor. See FIG 7. Since Blish does not teach tiered 
power regulation, a fortiori, Blish does not teach one regulator responding to a load power demand 
raje. greater than the other po wer regulator. Applicants recognized the need to respond to the 
transient power demands of electronic devices (such as a microprocessor) by. "supplying electronic 
devices with relatively high, regulated current at relatively high speed". See col 2 lines 2-4, and 
col 2 lines 47-48. See also col 2 line 65 "short response time 4 ', col 3 line 43 "rapid response 
power transfer", col 3, line 42 "low response time (ag. at speeds of 500 MHz and above)", etc. 

Applicants also recognized the technical difficulties of one power supply performrag the 
functions of supplying current at such a high demand xa£e as well as overall power demands. For 

this reason, thevioventedthft^^ r^^r^H^ ,WrfrTfr '^""''T^ a r^TTTfgiilfrhiT 
and a second array. 

In the final rejection, Examiner correctly notes that "The claim bmguage clearly states that 
the second power Remand rg£c is greater than that of the first demand rate" (emphasis added) See 
page 3 of the Office Action. However, then Examiner incorrectly concludes that "There is no 
distinguishing difference between applicants' claim language and that of the prior art" In fact, 
even if one were toam*^ u^irn'or art w^ 

example by the various embedded voh^emwerters 220(a), 220(n) See Fig. 4 of Blish, mis is 
patentably distinct from Applicants' tiered power regulation system. Applicants' invention provides 
not only array 120 for satisfying a high demand rate, but also intermediate power regulator 1 1 0. See 
Fig.l. As another embodiment, Applicants connect iateimistiate regulator 210 in parallel with 
array 220 to load device 23Q.SeeFig. 2 and this is also not shown in Blish. Neither the problem 
addressed by Applicants (satisfying rmcroprocessors' power needs including #& total power 
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requirements as well as the need for fest response to demand rate) nor the solution of using a tiered 
power regulation system are taught by Blish. 

Examiner did conclude that: "Blish discloses the claimed device except to having differing 
load power demand sjej^emphasis added) See page 2 of the Office Action. As noted above, 
Applicants disagree wife Examiner's contention that Blish discloses the claimed tiered power 
regulation system of Applicants. Howe^, Appfccants agree v^e«annnextt^»ash does not 
disclose differing power demand rates. In order to overcome the shortcomings of the Blish 
reference as noted by Emniner, Examiner cited Hu, 

3. Summary of Hu 

Hu discloses a CPU escalating adapter with ondtivoitage and multiple frequency selection. 
See the Abstract Bashally, Hn recognized that a CPU can operate at different frequencies and 
requires afferent power Jevdg. In accordance with Hu 5 s disclosure: a toggle actuator has a 
plurality of switchsja connected with an mpat of multiple feqjiency selection of the CPU for 
providing a function of selecting frequency rnnltipHcation rhetors. See Col 2 tines 11 .13. m short, a 
higher le^<rfpower is pmvidedw^ However, Hu is 

not a tiered power regulation system. Hu never discusses or contenmhites the use oftwo power 
supplies where otte provides power at a faster response time than the other. Hn is not concerned 
vnm the speed v^wWch currents are p^ 
not addressed or solved by the power supply design of Ho. 

4. Comparison of Applicant*' Device v. Hu 

Aj best, arguendo, Hu discloses that "With a combination of the voltage regulator 30, the 
stabihVolt integrated circuit 40, the divider resistor 41 ant the toggle switch member 70, output 
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voltage of the voltage regulator 30 can be changed. ,*See Fig. 1 and col. X lines 12-15. In other 
words, a different power level is supplied to the CPU fur different clock speeds of operation. It 
would appear lhat Examiner contends that this teaching of different power levels supplied to a 
microprocessor capable of operating at different clock frequencies adds to the teachings of Bliss 
and renders Applicants' invention obvious. 

However, the presetting of switches for the application of different levels of power has 
absolutely no relationship to supplying power satisfying a high demand rate, Pre-setting switches 
merely establishes the level of power to be supplied for the particular clock frequency of operation. 
On the other hand, the power demand raip is primarily a function of the speed at which the demand 
for current changes as the number of active gates changes depending on the type of operation being 
performed by a microprocessor. In a particular section of the microprocessor (e.g, the arithmetic 
logic unit - cornmonly referred to as ALU), die power demand might be low when suddenly the 
demand becomes g-eat In other words, while only a few gates in a section of the microprocessor 
are active at one instant, many (if not all) gates are turned on demanding more power. Applicants 
reah^ lhat white one power regular 

hwouldnot be optimi^ lor tte For this 

reason, Applicants provide a tiered power regulation system where the second power regulators can 
be optimized to handle this transient condition. Applicants 6 array 220 is configured to respond to 
tins transient '-loadpov^ 

power demands" (by rrncrodectronic device 230) See Fig. 2 Thus, neither fth« s nor Ho, either 
singly or in combination teach Applicants' tovention. When neither of two cited references teaches 
Applicants' invention then the combination of hie two references cannot render the invention 
obvious in the sense of 35 U.S.C 103. 
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5. Claim 1 is directed to a tiered power regulation system comprising a first 
power regulator and an amy comprising a plurality of second power regulators, said 
second power regulators configured to respond to a load power demand rate greater than 
said first power regulator responds to power demands 

Claim 1 is directed to a tiered power regulation system comprising a first power regulator 
and an array comprising a plurality of second power regulators, said second power regulators 
configured to respond to a load power demand rate greater than said first power regulator 
responds to power demands, wherein said array is configured to couple to a plurality of portions 
of a microprocessor. The first of the tiered power regulators respond to the regular power 
demands of the load the second newer regulators respond to a load p<wpj Atmn ^A rate greater 
than said first rauiato respond* flam*^ 

(a) Examiner's rejection of Claim 1 

He Examiner has rejected claim 1 as being obvious over Blish in view of Hu. In 
particular, the Examiner asserts that: *Bfish describes an anay of voltage regulators (220a-22fin) 
connected in parallel and having a first voltage regulator that accepts a first power demand that is 
lower than the second power demands which would he greater. After noting that Bush does not 
teach: ♦'having differing load power demand rates", Examiner states that "Hu discloses that it is 
known in the art to provide having differing load power demand rates. It would have been 
obvious to one having ordinary skill in the art at the time the invention was made to provide an 
array of voltage regulators (220a-22On) connected in parallel of Blish with the provide a having 
differing load power demand rates of Ho, in order to provide a more diversified and power 
supply system capable of handling load and power demands of the circuit.** See the Final Office 
Action at page 2. Examiner has inserted: "differing load power demand rate" from Applicants' 
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claims as there is no such teaching m Hu. Moreover there is no suggestion in either Blish or Hu 

why or how the two references could be combined to raise a question of obiousness. 

(b) Legal Standard for a prima facie case of obviousness 

To establish a prima facte case of obviousness, there must be some suggestion or 

motivation, either in the references themselves or in the knowledge generally available to one of 

ordinary skill in the art, to modify die reference or to combine reference teachings, and the prior 

art reference must teach or suggest all the chum limitations. MJP3.P. § 2143. Also, the teaching 

or suggestion to make the claimed combination and die reasonable expectation of success must 

both be found in the prior art, not in applicant's disclosure. In re Vtvck, 947 F.2d 488, 20 

U.S.P.Q.2d 1438 (Fed. Cir. 1991). Since the final rejection does not meet this legal standard, it 

should be reversed on this basis alone. 

(c) There is No Suggestion ur Motivation for the Modification of Bhsh by 
the teachings of Hu. 

The Examiner has failed to point to any suggestion or motivation in the prior art to 
modify Bush in view of Hu. It is well-settled mat "a showing of a suggestion, teaching, or 
motivation to combine [or modify] the prior ait references is an 'essential component of an 
obviousness holding'." CJL Bard, Inc. * M3 System, Inc., 157 F.3d 1340, 1352 (Fed. Cir. 
1998). In addition, the mere fad that the prior art may be modified in toe manner suggested by 
the examiner does not make the modification obvious unless toe prior art suggested the 
(Jesuability of the niodificatioa In re Fritch 972 FJd 1260, 1266 n 14, 23 USPQ2d 
1780,1783-4 nl4 (Fed Cir. 1992); Z» re Gordon, 733 F.2d 900, 902, 221 USPQ 1125, 1127 
(Fed Or. 1984) 

In the Final Office Action, the Examiner has simply argued that "it would have been 
obvious to one having ordinary skill in the art at die time of the invention was made to provide 
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an array of voltage regulators (220a-220n) connected in parallel of Blish with the provide of 
having differing load power demand rates of Hu, in order to provide a more diversified and 
power supply system capable of handling load and power demands of the dicmf Final Office 
Action, page 2. The Examiner has pointed to no objective teaching in either BHsh or Hu fin* such 
an assertion, nor has the Examiner identified any basis as to why a person of ordinary skill in the 
art would be motivated to modify Blish in view of Hu. Because the Examiner has failed to point 
to any evidence of record showing a motivation to modify Bush in view of Hu, the Examiner has 
failed to satisfy the burden of showing prima facte obviousness of Blish in view of Hu. The 
Board should overturn die rejection of Claim 1 on this basis alone. 

(d) Neither BUUh nor Hu Teach or Suggest aft of the ehrim fcnutati»ns of claim 1. 
Therefore, even if Bhah were properly modifiable In view of Hu, the resultant 
structure, mode of operation and result would not render Claim 1 obvious in the 
sense of 35 USC 1«3, 

Blish docs not teach or suggest ail of the claim limitations of claim 1 . In particular, Blish 
does not teach or suggest "A tigpgd, po™r SggSMgn, ffYfv*m ™"r^p a ffptf po^et regulator 
and an array comprising a pluraljty of second power ^fr^ said second power regulators 
co nfigured to respond to a load power demand rate greater than said first power regulator 
responds to power d emands , wherein said array comprising a plurality of second power 
regulators is configured to couple to a plurality of portions of a microprocessor (emphasis 
added). As noted hereinabove in Section VH AX and VH A 4 comparing Applicants' device to 
the teachings of Bliah and Hu, these significant elements in the combination of Applicants' 
invention are missing from both Blish and Hu. When none of the cited references teach or 
suggest important aspects of Applicants* claimed invention, the combination of two references 
cannot be said to raise a question of obviousness. This would be the case, even if the two 
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references were properly combined (which they are not). For the reasons set forth in this 
paragraph alone, the Board is respectfully requested to reverse the Examiner's rejection of claim 
1. 



6. Claims 2-8 

Claims 2-8 all depend directly from Claim 1 , Therefore, Claims 2-8 include all the 
limitations of Claim 1. The Board should overturn the Examiner's rejection of Claims 2*8 at 
least for the reasons expressed with respect to Claim 1, which are incorporated by reference. The 
rejection of claims 2-8 Should also be overturned because claims 2*8 recite additional features. 
The additional features are more specific imtaiion of hew the first power regulator and plurality 
of second power regulators are configured 50 that the army of second power xegulatars responds 
to a power demand rate greater than the first power regulator, For example, claim 2 recites bump 
technology. Claim 3 recites a compound semiconductor substrate (inherently fester respons e 
than a device on a siKccn substrate). Claim 4 recites a switching regulator. Claim 5 recites the 
second power regulators being coupled in parallel Qaim 6 recites the flirt regulator providing 
power to both the army and to the microprocessor. Claim 7 recites components configured to 
provide power to the microprocessor. Claim 8 recite? the array coupled in parallel to said first 
tegulatorandtosaidmicioproces^ See Fig. 2 showing a configuration contemplated neither 
byBlishnarHtL These featura am not tau^ Therefore, the 

rejection of claims 2-8 should be overturned by the Board for the same reasons as claim 1 and 
also because claims 2-8 recite additional features. 
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7. Claim 9 recites "a tiered power regulation system where the array of second 
power regulators are configured to respond to a load power demand rate greater than said 
first power regulator responds to power demands" 

Claim 9, like claim 1 recites a tiered power regulation system where the array of second 

power regulators are configured to respond to a load power demand rate greater than said first 

power regulator responds to power demands. In addition, claim 9 recites that while the 

microelectronic device is formed on a first substrate the away of second power regulators are 

founed on a second substrate. These features are not tonght or suggested by Blish or Hu, 

Therefore, the rejection of claim 9 should be overturned by the Board for the same reasons as 

claim 1 ( the claim 1 patentability position being incorporated herein) and also because claim 9 

recites additional features. 

8. Claims 10-17 

Claims 10-17 depend directly from Claim 9. Therefore, Claims 10-17 include all the 
limitations of Claim 9. The Board should overturn the Examiner's rejection of Claims 10-17 at 
least for the reasons expressed with respect to Chum 9, which is incorporated by reference. The 
rejection of claims 10-17 should also be overturned because claims 10-17 recite additional 
features. The additional features are more specific recitation of how the first power regulator and 
plurality of power regulators are configured so that the second power regulators respond to a 
power d eman d rate greater man the first power regulator. For example, claim 10 recites bump 
technology. Claim 11 recites a Buck regulator. Claim 12 specifies a microprocessor. Claim 13 
recites a compound semiconductor material (inherently fester response thau a device on a silicon 
substrate). Chum 14 recites that the second power regulators are coupled together in parallel. 
Claim 15 recites that me fhst regulator 
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device. Claim 16 recites electronic components configured to provide power to the 
microelectronic device. Claim 17 recites the amy coupled in parallel to said gist regulator and 
to said microprocessor. See Fig 2 showing a configuration contemplated neither by Blish nor 
Hu. In the overall combination, the features recited in claims 10-17 are not taught or suggested 
by Blish or Hu. Therefore, the rejection of claims 10-17 should be overturned by the Board for 
the same reasons as claim 9 and also because claims 10-17 recite additional features. 

9. Claim 18 recites "a tiered power regulation system where the array of second 
power regulators ure configured to respond to a load power demand rate greater than said 
first power regulator responds to power demands, as WfA as first and second substrates* 

Claim I8,fitedaim9ftecrto 
second power regulators are configured to respond to a load power demand ^te greater than said 
first power regulator responds to power demands, as well as first and second substrates. In 
addition, claim 18 recites that the micrpelectnmic device is formed on the first substrate and 
wherein the array is coupled in parallel to the microelectronic device using bump technology . In 
the overall combination, these features are not taught or suggested by BKsfc or Hu. Therefore, 
the rejection of claim tSsto^ 

claim 9 and also because claim 18 recites additional features. 
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B. Conclusion 

In view of the foregoing arguments, Claims 1-1 S are patentable over Blish, US Patent 
5,914,873 in view of Hu US Patent 5,938,769.. 



Respectfully submitted, 



William Pohlman et al 




Attorney for Applicant 



ATTN: Patent Department 

Primarjtmjnc. 

P.O. Bo x 28308 

ScottsdalcAZ 85255-0155 
Email: Ted.Galanmay@primarion.com 
Tel: 602-793-5360 
Fax: 480-994-9025 
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CLAIMS APPENDIX 



RECEIVED 
CENTRAL FAX CENTER 

JUL 2 1 2008 



1. (Original) A tiered power regulation system comprising: 

a first power regulator; and 

an array comprising a plurality of second power regulators) said second power 
regulators configured to respond to a load power demand rate greater than said first power 
regulator responds to power demands, 

wherein said array comprising a plurality of second power regulators is 
configured to couple to a plurality of portions of a microprocessor. 

2. (Original) The tiered power regulation system of claim 1, wherein said regulator array is 
coupled to said microprocessor using bump technology. 

3. (Original) The tiered power regulation system of claim 1, wherein said regulator array is 
formed using a compound semiconductor substrate, 

4. (Original) lite tiered power regulaticto system 
switching regulator. 

5. (Original) TTwtiered power regulation system ofdaim^whc^smdseccmd power 
regulators ere coupled together in parallel 

6. (Qrigtoal) The tiered power regulation system of claim l.whei^ said fmrt regulator 
provides power to said array and to said microprocessor* 

7. (Original) The tiered power regulation system of claim 1, further comprising electronic 
components coupled to said microprocessor, said components configured to provide power to 
said microprocessor. 
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8. (Original) The tiered power regulation system of claim 1 , wherein said array is coupled in 
parallel to said first regulator and to said microprocessor. 

9. (Original) A tiered power regulation system comprising: 

a first power regulator; 

a microelectronic device formed on a first substrate; and 

an array of second power regulators formed on a second substrate, said Second 

power regulators configured to respond to a load power demand rate greater than said first power 

regulator responds to power demands. 

10. (Original) The tiered power regulation system of claim 9 7 wherein said microelectronic 
device and said array are coupled together using bump technology. 

11. (Original) The tiered power regulation system of claim 9, wherein the first power regulator 
is a Buck regulator. 

12. (Original) ITie tiered power regulation system of claim 9, wherein the microelectronic 
device comprises a microprocessor. 

13. (Original) The tiered power regulation system of claim 9, wherein the second substrate 
comprises compound semiconductor material. 

14. (Original) The tiered po\v^ regular 
regulators are coupled together in parallel 

15. (Original) Hie tiered power regulation system of claim 9 4 wherein said first regulator 
provides power to said array and to said microelectronic device. 

16. (Original) The tiered power regulation system of claim 9, farther comprising electronic 
components coupled to said nticroelectronic device, said components configured to provide 
power to said microelectronic device. 
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17. (Original) The tiered power regulation system of claim 9, wherein said amy is coupled in 
parallel to said first regulator and to said microelectronic device. 

18. (Original) A tiered power regulation system comprising: 

a first power regulator; 

a microelectronic device formed on a first substrate; and 

an array of second power regulators fanned on a second substrate, said second 

power regulators configured to respond to a load power demand rate greater than said first power 

regulator responds to power demands, 

wherein said array is coupled in parallel to said microelectronic device using 
bump technology. 
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EVIDENCE APPENDIX CENTRAL FAX CENTER 

JUL 2 1 2006 

NONE 
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1 2 

APPARATUS FOR PROVIDING RKCUIATKP (rt«io device. More pflitiailat]^ lie invention provides 

POWER TO AN INTEGRATED CIRCUIT irnjHoved devices and methods suitable for Supplying ckc- 

trcnlc devices wili relatively high, ropulated current at 

CROSS REFERENCE TO RELAITO rebUivcly high speed. 

APPLICATIONS 5 The way In which the present in^enibn iddreescs Or 

This application claims priority to United State* Provir deficiencies of now-known regulators ted power Supply 

sional Application Sar. No. 60/176,421, filed Jan. 27, 2000, systems is discussed in greater detail below, However, in 
entitled " Admins for Regulating Power to an Jnpegeatect geceral* the pce^eot invenrlen provides en array of power 

Circuit 0 re&nlotors (hat provides power to a single oierooleetrooie 

ie device. 

TECHNICAL FIELD in occartiincc with one c^prolary erobodirasat gf the 

The present mvturuorj generally relates in rolaodeciroDic present invention, in amy of regulators is conflgurcd to 

devicca, More particyJarly, the present invention relates to provide power to a microprocossox. In aocordanoe with one 

nucroekclrouic rfoyicea pirfubl* jot Mounting power. aspect of this embodiment, (bo array is formed as an 

ft,^««T«m mm Tvnmv«./v» integrated circuit on ft seuncenductor substrate, In aceot- 

SACKGROUND OF THE DCVEVnON d«2Twtti ft Owner aspect of this embodiment, the circuit 

Regulator* are Often employed to provide a desired, is coupled to the microprocessor through n relatively snort 

regulated power to mieroeleelronie device* SUCfc ftS micro- conductive path (cg^ by co upling the circuit to the device 

proce&ttre. For example, switching regulars men M buck „ via bump interconnects). In accordance wWi yet t father 

regulaton* are often used to seep down a voltage (e.g., fitom aspect of tbia erabediaeot, the irrny circuit is formed on a 

about 3.3 vails) and provide suitable power to a nncTOpco- silicon germanium (SiGc) aubwate to fteUilat© faster cux- 

eessor (e,g„ a beat 10-GD imps and about 2-3 vote). rent supply to the device. In accordance wfcfa a farther 

7b Increase speed and reduce coats associated with exemplary ernbodJjqeTn of (he present uxvtntion, a tiered 

rmaupiDcessrxH, mifToprocfissor gate coun t s and miegrn- power regulation system is configured to provide power to 

lion generally increase, while tfce si2» og tbe micreproceesor a m fcnv.fr rt route device. The tiered system includes a kftfii 

per gale generally decrease*, As gate cmmls, speed, and two levels of power regulation. In accord ansa wilb in 

miegratinn of micrripTocepsors increase, supplying requisite exemplary aspect of Oite embodiment, a first level of power 

power to microprocessors becomes mcreaEingly problem- reguhticn includes a switching regulator and a second level 

alio. For example, i current required to drive the processors «, °f regulation includes n linear regulator. In a cc orr l annn with 

generally Jpere»e$ as the number of processor gaie* ' farther aspect of tins embodiment, the second level of 

increases. Moreover, as Ibe gate count increase* par surface tfgulatlea inthldes an nrxay of linear reguUlcrs. 

area of b processor, the operating voltage of the processor »™™™™ T ^ 

must typically decrease to, among other masons, reduce BRIEF DESCRIPTION OF TOE DRAWINGS 

overall power coryuirripttofl oEThe processor, Furthermore, as w FIG. 1 fflnstrajea a power re Jttf alien system id accordance 

to muunprncssuor speed increases, the roicroproce^ora ^ ttQ excm plary embodiment of tf» present mvennonj 

^ttt ,u HO.2 ilmarates i power regulation system io accordance 

*£E^&^125^ m g^ralry salable tor con- ^ embodiment of the present invention; and 

tolflng pew* » Mime nui^ocessc^, such regulars scfemwufcally illustrates a mirbon of a icfiulator 

nol well fiulied to supply relatively higji ennent (e.g., greiter „ ™ u ' .^SJ««^h^m^^ 

than about 30 amp§ at relatively tdgt» enaod (e.g., greater ^L?^^" W ^ ^ 

man about 500 MHz.)' One reason that buck regulators have ^™ tt0t W™ 0 **' 

Sffi^^^X DfflAILED O^l^ONOIBXnMn^Y 

[he praccBBor \w m travel t\ coaidTwrtivc path, that generally ^ " ' m - ^ 

includes a portion Of n panted cjraiji board thai covplee the The present invention geneeaQy relates to microelectronic 

processor in the regulaiot The rtbiUvcly long conductive power regulators. Mare pinricnkily, the invention relnes to 

path bctwecD the processor and the regulator slows q speed recrulaiora suitable far providing hign cuiroot. high speed 

td which (be regulator is able Go supply cqneur to the power to ttucroakefronic devices and to ejecrronlc fsyswms 

processoL In addition, b.h niicroprocnssar speed and current 5Q fodttdiilft the rec^lllors, AUhonub the present in venftou may 

fl^TOari^nicre?so.ibc buck con rrojler Birop^ c^not provide be used to provide power to a variety of microelectronic 

the desired amount of current at ibe desired rate. devicra, the invention is crurYcnicnily described bttovr in 

anoibeT probfcm wbh bncJc fugulfltdrt as that they ore connection with rtfoviding power to micropTOcessora. 

generatty configured, to supply power ro wilnfe (bout s5% An exemplary power supply synjets 100 in accordance 

of a desired value. While this range may be acccpmhla for Si with the present invention is schematically illustrated in 

ptoccseors rarmrng at relatively low cuirems (ins range FIQ L As illustrated, system 100 includes an intermediate 

become* deoreltfingry acceptable aa too current retntire- regulator Ufl, a regulator nrray 120, indnding regnlaiors 

mcDifl clinji^oproce^sois tncrenso. Ttrus, as G^croprD cesser l20(fl}-12O(ff), and a micronroccsnox 130. System 100 may 

pic canntB and clock speeds increase, improved methods also suitably insmdo a power oonve rtcr 140 and one or more 

and apparatus for supplying high current at high speed and 60 discrete elect ro n ic components, collectively represented as 

low voltage are deair&d. Puruermore, methods 9 jj<j appera- ranponenta 150. 

rue for supprying the rclitrvcry high current withm a reUv In Bcecral, system 100 h c^figmed in provide rclaiively 

dvcly right tolerance x& desired. bjgh curreni (cg^ 30 to more then 100 amps) at rcUtivoly 

SUMMARY OP TOB INVENTION . SS^t^£SX^ZSX^ 

The prosem rnvenhan prondes nTtproved appvaian and beiow k in accordince with the prescni nrvcntionp system 100 

tehnrrp™ for pcoWding regulated power io a tnleroelee- provides the high currcm power to Tntcroproccsror 130 by 
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distributing the power repuJartng duly to a plurality of 
regulators (e_&_ regulator 111 nodAu regulator 130(a) 120 

Converter 140 of system 100 is generally configured to 
convert altera ting current (AQ power obtained ftmn a 
lypicalAC powerourlel to direct eurrem (DC) power to, far 
example, provide niiUbb DC power tor a motherboard of a 
compulw. For example, la acccrtfarico wilb odd exemplary 
embodiment of ihn juesem lover) tic a, converter 140 is 
configured to convert U0 volt AC power to *bow 3,3 volts 
to «bou| 15 volt? DC paw&r it ibont 1 amp 10 abont 20 unns. 
In d cwwdioc* with one ae?ec* afrins embodiment, converter 

140 includes multiplo DC power outpnts— e.g., about 12 
Tolfe ai about 1 amp, oboetS voltsai about 5 amps, at abam 
3,3 vojrs at About 30 amps- to supply toe power to, for 
example, various types of mkrtetetttonfe devices which 
mny be coupled to toe momexboard. m aconnhncc *oih 
Alternative embodiments of the present invention, convener 

141 may include any number of DC power outputs, and the 
amount of power associated with each output nifty vary in 
tocordinco with ft type of device coupled to the output of 
convener 140. 

totrnrneriinfe regulator 110 is ft DC-40-DC converter, 
which is deagncd to convert output from converter 140 to 
higher current, lower voltage power. In accordance with one 
exemplary embodiment of |be present invention, regulator 
HO receives power (c£. 3,3 volts aj 30 amps) from ooo- 
verter 140 and converts the power m about 1.15 volts nt 
about 100 am pa. Hegulxinr 110 may bo a trocar regulator,. & 
switching regulator, or any other suitable type of power 
ttmtrolkr. however, in aecordAnce with one exemplary 
embodiment of the pic scot invenlkm, regulator 110 com- 
prises t switching refelaxor such as ft buck regulator. 

System 100 any also optionally include dieerem compo- 
nents 150 to fadHme rapid rcsponae power transfer from 
regulflior U0 lo array 120. In ,T*Ttjcnlar, cormxmerx^ 130 
may ieehide eapaeftors to store an appropriate charge and 
discharge the energy es array 120 Calls tor power from 
regulator 110, 

Rcrrnlfitoc 120 is generally configured to provide high 
current (e g, up to )0O amps or mom) power at a relativelv 
tow response fame (e,g„ at Speeds of 500 MHz and above) 
lo microprocessor 130. la accordance with an exemplary 
\ embodiment of me present tnvomlon, army 120 jq eludes one 

or more power recniUtam (c<g., rermlntors l50(a)-120(rt)) 
configured to transform power received from regulator U0 
and/or component* 150 end convert the power too higher 
currant, Sowar voltage power suitable for microprocessor 

Army 120 may include ray number of regulators, which 
may be configured ondcrnmled. to processor 130 in ft variety 
ofwaya, Per example, amy 120 may tociude a rrambcr (n) 
of snbstanlially identical regulators, wherein each regulator 
is comlmired to provide processor 130 wJlh 1/n the operation 
power of processor 130. However, in accordance with 
ailemoJe embed^menjs of the invention, array 120 may be 
configured wfcfa reguiatom of various aces lhal ore config- 
ured m provide power to various partialis of processor 190. 
Pot example, array 120 may include relatively high current 
regulators to provide power lo input/output buffers and 
relatively low current regulators to supply power (0 lOfio 
units of the microprocessor. 

FIG. 2 fflnstrttes a power supply system 200 in accor- 
dance with an altarna&vo cmbodnoent of the invention. 
Similar to system 1M, system 200 pjancrally tochufca an 
tatermediaie regulator 210, a regnlamr array 220, mctodiDg 
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reguJ awfs 220(o>-22O(fT), a inicroprOC«ssor 230. and option- 
ally a power converter 240 and romponBcrs 290. 

System 200 1b configured such chat a portion of power 
ftuppUed to microprocessor 230 may l» derived from regu- 
* kwr2lO.Fmexa»pto,ta accordant 

embodiment, reffdator 210 supplies power to iupw&ntpm 
contacts of microprocessor 230 and/or a flowing point 
contact of microprocessor 230, However, the mvenfioo is 
not so lirmted; system 200 may suitably be configured such 
rhnt regulator 110 provides power Do any portion of micro- 
processor 230. 

FIO. 3 is a schematic Gtostrelton of on only 300, nhowmg 
mgUlfttoCB 310, 320. 330, and 340 coupled to a common 
voltage reference 350 in accordance with an exemplary 
15 embodiment of the present invention. In accordance wirh the 
embodiment illustrated in HQ- 3, each regulator 310-340 is 
configured to supply substantially the same power (nt the 
reference voltage) to ft microprocessor— fc g<, miaDjroocs- 

20 Regulators 316-340 may include switching regulators, 
linear regulators, corabmitians thereof, or other soluble 
devices foe ecoTTOlKna power- to accordance with one exem- 
plary embodiment of the present invention, regulators 
310-340 ore linear regulator* nod each rejrulator 310-345 
suitably includes a inmsisior (eg., bipolar transistors 312, 
322, 332, and 342), an error omphrlor (e.g., error implifler 
314, 324, 334, and 344), and a voltage source (eft, sources 
3 Jfi, 326, 334, and 34ft). 

34 A* noted above, regulators 310-340 am generally con- 
figured to provide outputpoTVcr lo processor 130 aj a voUage 
subfci an unify equivalent to vohagc reference 350. SaWever, 
regulators 31<M40 may suitably be trimmed OTdfl mi? the 
Gmfui voltage can be set to about *l% of the reference 

35 volfiifcc In accctfdanco wirh alrernative embodrmenb> of the 
present mvrtotion, urray 300 may include multiple voltage 
reference* ftt various voltages, with one or mora regulators 
Tied to each reference, Use of multiple vonege references 
allows Car power regulation ai the various vol Logs levels to 

4, various portions of microprocessor 130, 

In accordance with one exemplary embodiment of the 
mvenpnn, all regulators (eg* regulators 310, 320, 330, and 
340) are suitably coupled together in parallel such thai, in 
addition to each regulator being lied lo t common reference 
45 voltage, each regulator army 300 is tied to a common 
collector Etnicturcs The parallel coupling of regulators 
within an array ftltows for a total rarmtol output of array 301 
whicb is equal to the sum of current outputs from each 
regulator within army 30Q, Thus, lime delays associated 
so with larger regal atoxs are militated because smaller regula- 
tors within an array are used to provide current to a portion 
or portions of microprocessor 150. In other words, micro- 
processor 130 does not depend on a single, large remuolor to 
supply requisite current 
55 A eotkhtotrve path between array 120 and microprocessor 
130, or a portion thereof, is preferably relarively short to 
reduce the eflfeets of parasitic jpductaqce between an array 
(e.ft-, array 120) and microprocessor 130. Providta* ft rela- 
tively short conductive path between array 120 and micro* 
60 processor 130 is additionally advantageous becrmse prausilifl 
rnductance between amy 120 and processor 130 ts generally 
reduced us &e distance between the eomponeiilg is reduced, 
One roebnimic roc providing a relarively short conductive 
path between amy 120 and rmcropiocessor 130 in accor- 
65 dance wilh the present invention is to couple array 120 to 
processor 130 using conductive bumps such as C4 
(Controlled Collapse CWp OeorKcdoc) tramps In accor- 
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dapca with viricrag aspects of Ihis embodiment, war 120 
may Decoupled directly la microprocessor 130, or array 12* 
may smtuhjy bo coupled lo a package containing micropro- 

COSSOT 130. 

Tb ficHitapt fast power delivery from re juniors 126(a)- * 
X20(/>) Of niray 120 to processor 130, regul^ts 120(<?>- 
120(/i) are fanned oa a semiconductor cubctr&u Raving 
relatively high electron inability such » sZKcOti gcnEanium 
(SiG©), Gallium Arsenide (OoAsX or toe lOte, Farming 
regulator* oa SiGe or similar substrates tbm have relatively 20 
high election mnfaffity allow? relatively quick power transfer 
(e g , co (he order of Gf& spoad) between regulator 130 and 
rnicropToceesor 13d, In addition, septf coexfoeifre substrate* 
such 05 Side exhibit a relatively high current density; 
compared to conventional sen^cooduetor materials, which 1* 
allows rbrfocraaDC* of more tansis tore per surfee* area of 
SiGe compared to substrates havfaj lower current density 
such as silicon. 

In accordance with an alternative embodiment of (he 
present ravcnlioo, a regulator array and mkxoprocessor 131) 50 
are formed on a single E^cendoctto snbstcaie formed of, 
for example. SiGe, or other suitable semiemxhtctive mare- 
rials. iniegtatfne, an array end a microprocessor 00 a single 
substrate allows for even faster power supply from the array 
to the nncr oprocessor. The integral array may provide power M 
to aH or a portion of the microprocessor *pd may be in 
addition 10 or in lieu of an ar»j; such A* array 120 illustrated 
in HO, 1. 

Although the present mvenlion is set forth be/eta Id the _ 
context Of the ippended drawing figures, it Should be 
appreciated that ifie invention is not limited to the specific 
form shown, For cjujmplc, while the invention is conve. 
mently described above mcmmccojoD with providing power 



to a discrete microprocessor, the present invention may 
suitably be used provide power (0 a plurality of microelec- 
tronic devices, Prions other modifications, vncLaixma, and 
cohanccmcnts in the design and eirangemcm of pie method 
and apparatus set forth herein may be made without depart* 
tog from {he spirit and scope of the present invention as set 
fcrth in the Appended claims. 
We claim: 

X. A tie red power regulation system comprising: 

an imArnnxhate power regulator; ind 

a regnJalot army comprising a plurality or power 
regulators, wherein at least a portion of said plurality of 
power regulators ore coupled 10 1 common voltage 
Source, 

wherein paid plurality of power regulator is configured to 
couple to a phiralily of porhbns of a. microptcoossox. 
aod 

at least one Of Snid regulators Is confiputd to provide 
power to the nu \auyiu<gsa m-al a rate greater than about 
500 MHz, 

2. The tiared power regulation system nf claim 1, wherein 
said intermediate power regulator is a switching regulator: 

3. The tiered power system of claim 1, wherein ai least 
one of said plurality of regulators is a linear power regulator. 

4. The rfcred power regulation system of claim 1, wherein 
said regulator amy is coupled to said microprocessor using 
bump technology, 

fl. The tiered power regulatioo system of claim 1, woe rem 
sajd regulator array is formed using a compound 2 
dun tor substrate. 
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